The relative turnover rate of protein components of the thin filament was measured by a continuous double isotope method. Both 3H-lysine and 14C-lysine were administered continuously in the diet to male adult rabbits for 7 days. On the 7th day, the 14C-lysine was discontinued while the 3H -lysine was continued for 14 additional days. The relative turnover rate of the protein components was estimated from the 3H/14C ratios of the isolated protein of the same animal. From the different ratios of 3 H/14C of each protein fraction, asynchronous turnover of the thin fila ment proteins (actin, tropomyosin and troponin) was concluded. The order of degree in relative turnover rate is as follows: troponin> tropomyosin>actin.
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NEUBERGER (2) suggested that "the metabolic activity of actin or myosin in the muscle fiber, or that of collagen for example, is not a continuous function but varies in a discontinuous manner and is dependent on morphologic changes of the structures with which these proteins are associated." DREYFUS et al. (3) showed that the specific activity of myosin (following an injection of 14C-glycine into rats) remained constant for about 30 days and then decreased in rats on a 24% protein diet, but when the animals received a diet containing 45% protein, the radioactivity of myosin progressively decreased. They concluded that the myofibril displayed a definite life span of about 30 days. The myosin was thought to be in a state of relative inertness and its metabolic behavior was com pared with that of haemoglobin. However, FUNABIKI and KANDATSU (4) con cluded from their work on the continuous administration of 14C-labeled chlorella protein acid hydrolyzate that the manner of turnover of actin could not be com pared with that of blood globin. From studies on isotope incorporation into protein by a single administration of several 14C-labeled amino acids, VELICK (5) estimated that the half life of actin was 67 days, tropomyosin was 27 days, heavy meromyosin was 80 days and light meromyosin was 20 days , in the rabbit. How ever, MCMANUS and MUELLER (6) concluded that the half-life was 29 days for both light and heavy meromyosin. Even though these authors estimated the turnover rate of muscle protein fractions, turnover type of muscle protein was not discussed and the problem of precursor and reutilization on estimation of the turnover rate of the protein was left to be solved. With a puls injection of 14C-phenylalanine , the shape of the specific radioactivity-time curve of myosin and actin was similar, although their level of specific radioactivity was different (7) . It was difficult to distinguish the specific radioactivity-time curve of myosin from that of actin in experiments that utilized continuous administration of 14C-chlorella protein acid hydrolyzate to the rats for 55 days (8) . By the observation of the slow but continuous loss of total activity of aspartate and glutamate isolated from myo fibrillar protein in the rat with a single injection of 44C-sodium carbonate , MILL WARD (9) suggested the random breakdown of myofibrillar protein. EBASHI et al. (10) have proposed the fine structure of the thin filament and suggested the loca tion of actin, tropomyosin and troponin on its structure.
We tried to clarify whether the protein components of thin filaments turnover in a synchronous or asynchronous manner. SCHIMKE et al. (11) showed an asynchronous turnover of protein of the endo plasmic reticulum of rat liver by the double isotope method. This method identifies only two time points on a decay curve in the same protein in the same animal instead of establishing a number of time points along a decay curve . The assumptions involved in the use of the Schimke method are not applicable in the case of proteins of the myofibril in skeletal muscle because they do not follow the simple exponential decay kinetics by the single isotope administration (7) . We developed "a continuous double isotope method" which is a modification of continuous isotope administration method to try to solve the question of asyn chronous turnover of thin filament proteins.
MATERIALS AND METHODS
General procedure. Male adult New Zealand white rabbits were used and the experiment was conducted twice at different times. In experiment I , two animals, rabbit A and rabbit B weighing 2.5kg and 2 .7kg were used. In experiment II, two animals rabbit C and rabbit D, both weighing 3 .5kg were used. Aminals were fed on agar gel diet (12) and Purina rabbit chow (crude protein not less than 16%, crude fiber not more than 20% and crude fat not more than 2%) . The agar gel diet had a composition of 8g of dry basal diet which contained 20% The protein preparations were free of contaminants of protein from sources other than the myofibril because the proteins were prepared though the I-Z-I brush. Superprecipitation, ultracentrifugal analysis and gel filtration column chromatography were done to test the purity of the proteins (16) . The actin had a little tropomyosin contamination and the troponin was contaminated by tropo myosin and actin in very small extent and the tropomyosin contained small amount of troponin.
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The measurement of radioactivity is described in detail in the legend to Table 1 .
RESULTS

AND DISCUSSION
On the seventh day after the continuous administration of both 3H-lysine and 14C-lysine, the ratio of 3H to 14C was the same in actin and troponin in experi ment I (Table 1 , rabbit A), but in experiment II (Table 1 , rabbit C), tropomyosin was somewhat different from other proteins (actin and troponin) even though the quenching efficiency of the other proteins was the same estimated by internal standard method.
The numerical value of the ratios of 3H/14C in experiment I (Table 1 , rabbit A) is different from that in experiment II (Table 1 , rabbit C). Different batches of labeled amino acid were used to make the labeled diets in the two different experi ments. The labeled solutions were prepared by the dilution of original 0.01 N HCl solution with 0.05% dehydroacetic acid sodium salt and the observed differ ences may be due to pipetting errors. If the counting efficiency and stability of labeling is the same in protein samples to be compared then the numerical value of the ratios should be the same in the protein in the same experiment. Differences in the ratios of 3H to 14C among the proteins in rabbit B and in rabbit D are small but the order is reproducible in two experiments as seen in Table 1 The order of degree in relative ratios is as follows: troponin>tropo myosin>actin.
Specific radioactivity of 3H in all the proteins examined increased almost proportionally with time at least during 21 days (Fig. 1) . In the previous experi ment (unpublished) with continuous feeding of 14C-lysine to rats, both the specific activity of free lysine in muscle and lysine residue of actin reached a plateau in two weeks. In rabbits much more time would be needed to reach the plateau level both in the specific radioactivity of free lysine in muscle and lysine residue of actin. Maximum level of isotope saturation will appear after 21 days. During 14 days after the discontinuation of 14C, the specific radioactivity of 14C in actin, tropomyosin and troponin does not decrease, but maintains the approximate same level (Fig. 1) . For the detail of the experiments , see legend in Table 1 .
Previous results showed that after a duration of 8 days administration of 14C-chlorella protein acid hydrolyzate to rats , the specific radioactivity of actin did not change during 20 days, while the specific radioactivity of blood-globin increased and that of serum albumin decreased rapidly (19) . When the protein is stable during the life span, the radioactivity remaining after the discontinuation of the radioisotope administration causes an increase in the specific radioactivity of the protein. It is reasonable to say that the plateau would represent the un stable nature of the proteins. A high degree of reutilization might be occurring in the tissue and therefore prevent the decrease of specific radioactivity of the pro tein which has the slow turnover rate. The same pattern of the change of specific radioactivity of 14C and 3H in the proteins (Fig. 1) would be resultant from the same type of turnover of actin, tropomyosin and troponin. The specific radioactivity of the protein (disint/min/mg protein) at a certain time point is determined by the turnover rate and isotope saturation level and content of lysine residue. The lysine content of troponin and tropomyosin is about twice that of actin (20) . Even if the specific radioactivity of actin is multi plied by two in order to compare it with the other proteins, the value for specific activity of actin is low. If the maximum isotope saturation level and rate of iso tope saturation of the free amino acid pool from which proteins are synthesized are the same, then the turnover rate of the protein could be compared by the specific radioactivity of the protein at a certain time point or approximately from the slope along the time axis in the continuous isotope administration method. In this experiment, there is no data about the precursor, so it is not reasonable to deduce that actin has a lower turnover rate than tropomyosin and troponin from the level of specific radioactivity on the slope.
In the continuous isotope administration method, the factors for determining the shape of the specific radioactivity time-curve of the proteins in the steady state would be metabolic turnover rate, type of metabolic turnover, degree of reutiliza tion, maximum isotope saturation level of the proteins and kinetic behavior of the precursor amino acid pool. We could know whether proteins turnover at the same rate or not by comparing with the specific radioactivity-time curves of the proteins, but a number of time points are required to construct the specific radioactivity time curves. Even though these factors described above would also determine the ratios of 3H to 14C in the continuous double isotope method it may be reason able to assume that actin, tropomyosin and troponin have the same turnover type as already mentioned and the effect of different isotope saturation level was avoided by taking the ratio of 3H to 14C in the same protein sample in the same animal. Continuation of 14C for 7 days might avoid the effect of different position of the peaks along time axis in different proteins. There is no evidence but it may be reasonable to consider that the larger quantity of 14C left in the tissue would cancel the small difference in degree or reutilization, especially for the proteins compared in the same cell organelle, the thin filament.
When the ratios of 3H to 14C are the same in the proteins in a celll organelle, the proteins have same turnover rate. When the ratio of 3H to 14C is different for various proteins in a cell organelle, then the proteins have different turnover rate. There was a difference in the ratio of 3H to 14C among thin filament proteins. The ratio of tropomyosin was greater than that of actin. This would mean that tropomyosin turned over faster than actin. This conclusion is in accordance with the result of VELICK (5), who estimated that the half-life of actin was 67 days and that of tropomyosin was 27 days. Troponin had the fastest turnover among the thin filament protein which we examined in this experiment. Even though the severe significance of the different turnover rate might be questioned suffering from the heterogeneous construction of the troponin (21-23) and from the cross contamination among the myofibrillar proteins, the data is consistent with an asynchronous assembly and degradation of the proteins of the thin filament in skeletal muscle of the rabbit.
